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Abstract

Mil l imeter '-wave observations of CO, HCO-. HNCO. and SiO nrolccular l incs ton'arcj Sgr A show that the prom-
incnt gas condcnsatior.rs in this region dif fer signif icantl l ' rn thcrr chcnricul propcrt ies. uhich may be a result of gradients
in the physical condit ions as a fur"rct ion of location. HNCO ancl SiO obserrut ions suggest that M 0. l3 - 0.08 (the
+20 krn s 

-r 
cloud) appcars to cor.rsist ol two cl i l l 'erent conrporlents. .11 0.1-l  0.082r anrl  M - 0. l3 - 0.080. with

LSR velocit ies of about +25 and +5 km s I,  rcspectively. The clump ,11 - 0.1,1 - ( l .08rr (thc +25 km s I cloud) seems
to be located vcry close to Sgr A East and the observed cnhanccmcnt oi HNCO ancl SiO ma1' result t iom the urteraction
rvit l r  Sgr A East. The molecular gas ch.rmp M - 0.02 - 0.07 (the +50 km s I clouci) shows the strorlgest IrCO emission
amorlg the iclcnti f iecl cloucls in this region. and is the most massivc condensatior.r ()3 x l0'M6). but may be located
closer to us than other clouds. since i t  appears to bc cl-ren-r ical ly quiescent ancl shacle the'" inter-cloud regior-r" wherc the
HCO*/l3CO ratio is cnhanccd. The -30 km s '  .o,npor-,", .r t  shows a similar morphology to the HCO'enhanced'" inter-
c loud"  reg ion .  l , l  +0 .07  -0 .08  and M+0.11 -0 .08  show s t rong HCO* I  0emiss ion .  and appcar  to  cons is t  o f  one
cloud (the HCO* cloud) in this observation. Thc HCO*/rrCO abundance rat io is enhanced by a factor of 2 3 toward
this HCO- cloutl  ancl thc intcr-cloud region between l= 0. l"  ancl 0o ncar to Sgr A East, compared to other clouds
obsen'ed in this region. This relat ive enhancement of HCO* is thought to result f iom interaction with Sgr A East.
O 2005 Elsevier B.V. Al l  r ights reservecl.
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1. Introduction

Thc Galactic center is one of the most exten-

sivcll '  studied regions in our Galaxy (Oort' 1977;

Brou'lr and Liszt. 1984: Liszt, 1988; Morris and

Serab,vn. 1996). The inner 10 pc of our Gellactic

ccnter contatns several principal componcnts: a

black hole candidate, Sgr A-; a spiral-shaped ther-

mal radio source, Sgr A West; a circumnuclear

disk (CND); a cluster of evolved stars; a complcx

of young stars, molecular and ionized gas clouds;

and a powerful supemova remnant (SNR), Sgr A

East  (e.g. .  Ekers et  a l . ,  1983;  Novak et  a l "  2000:

Yusef'-Zadeh et al., 2000; Schodel et al '. 2003)'

Sgr A- is thought to be surrounded by Sgr A Wcst'

Ttre CND and Sgr A West are located in front of

or just inside Sgr A East (see the revierv in Maeda

et al., 2002). which appcars to be pushing large

amounts of material away from the nucleus, form-

ing ridges of material on all sidcs (Pedlar ct al ',

1989:  Mezger et  a l . ,  1989;  Genzel  et  a l ' '  1990;  Ser-

abyn ct al., 1992: Zylka et al., 1995; McGary et al ',

2001). However, some material may also move

toward the nucleus. such as thc NHr filan-rentary

streamers, which arc possibly feeding thc nucleus

(Okumura et  a l . ,  1989;  Ho et  a l . ,  1991;  Coi l  and

Ho, 2000;  McGarY et  a1. ,  2001).

Neutral gas concentrated in the Galactic center

is predominantly molecular and orbiting the center

in the same sense as Galactic rotation (cf" Lugten

et al., 1986). The molecular clouds in this region

are thought to be affected strongly by the activitics

of the Galactic center. which produce various nou-

thermal and thermal features. By the interacttons

with these components, the molecular clouds in

our Galactic center show features 'uvhicl-r arc excit-

ing but complex and diff icult to interpret (c'g' '

Scovil le. 1972; Burton and Liszt, 1978; Bally

et  a1. .  1988:  Binney et  a l . ,  1991) '  Solomon ct  a l '

( lg12l showed that most of thc molecular gas very

near Sgr A- (within -20 pc from Sgr A-, in projcc-

tion) is concentratcd into two massive clouds,

called M - 0.02 '- 0.07 and M - 0'13 - 0'08'

according to their Galactic coordinates (Gtisten

e t  a l . ,  1981 ) .  M-  0 .02  -  0 .07  and  M -  0 ' 13  -

0.08 erre also referred to as the "+50 km s-' cloud"

(or sometimes the "+40 kn-r s ' cloud") and the

"+20 km s I cloud," respectivcly. Thcy have com-

parable mtlsses (-5 x 105 Me; Lis and Carlstl 'om'

1994) and l incar  d inensions ( -10-15 pc) ,  and

show a complicatcd morphological structl lrc

(e.g., Gristen, 1989; Armstrong and Barrett '

1985: Herrnstein and Ho. 2002). The largc l inc-

widths of the observed transitions indicate that a

high degree of turbulence exlsts'

Following the early absorption l inc observa-

tions of OH and H2CO, spcctral l ines and dust

cmissiou from these clouds have been studied

extensively (c.g.. Snyder et al. '  1969; Giistcn

and Downes.  1980;  L iszt  c t  a l "  1985;  Minh

et  a l . .  1992;  L is  and Car ls t rom. 1994),  and i t

has been founcl that the physical and chemical

properties of tl-rcse molecular clouds differ sub-

itantially from thosc rn the Galactic disk' The

molccular ploperties and chemistry in thc Sgr A

region, however, have not been well character-

ized. Such characterization would provide diag-

nostics to understand the complicatcd Galactic

ccnter environment.
In this paper, we report observational results

for t1-re mill imeter-wave transitious of severtl l

O-containing molecules toward the Sgl A molecu-

lar clouds. and cliscuss the physical and chemical

properties of thcse clouds. Especially. lvc discttss

the chemical graclients all loll-s the iclentif ied clouds

by comparing the rr.rtcnsities of the obsclved lincs,

which rna,v proviclc clttes to understanding the

complicatecl ph.vsical ctlvit 'otrmcnt of our Galactic

ceutcr rcgiot.t.

2. Obsen'ations

Obscrvations were carricd out usirrg the 15 m

S,,veclish-ESO tclescope (SESTr, Booth ct al"

1989) on La Sil la, Chilc, in April 2000' We ob-

scrved the r3CO 1-0 and 2-1,  HCO' l -0.  HNCO

4uo-30r, and SiO t'= 02-l tratrsit ions. usir-rg the

dual cl 'rannel SIS leceiver which allor'vs sin-rulta-

neotts obscrvations at 3 and I mm Trvo 1500

channel acousto-optic spectrometers witl. l  channcl

- \gFi ,  
operatet l  by onsal t  Space observi t tory '  the

Sivcdish Nat ior . ra l  Faci l i ty  for  Radio Astronomy'  rv i th l inancia l

support from the Srvedish Natural Sciencc Research Cottncil

(NFR) and ESO.
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Line paranreters t l l - the observscl  spectra in Fig l

l '1 .n"  (kt ' t r  s  r ) FWIIM"  (km s  r ) f  ; "  ( K ) / r 1  d r :  l k n r s  I ) Rms"  (K)
Nlo lecu le  ( t r ans l t l on )

F c o  ( I  o )
r rco*  ( r  0)
I INCO (4or -  Jr) r )

S iO  ( r  =  02 - l  )

57.8
5 5 . 5
5-l.lt
50 .7

36.8
48.7
23.2
32.7

6.3
2 . 1
l . l
0 . 6

249.1
1 0 3 . 8
2 7 . 1
2 -r.8

0.-10
0 . l 3
0 .  l 4
0 . i l

' '  Gaussian l i t  rcsul ts.

"  R.m.. .  (  I  r )  value of '  thc observed spectra '

spacing of 0.69 MHz were used but the frequency

rcsolut ion of  thc systcm was i tppf  ox imatc ly

l .2MHz.  Thc HPBW and main beam ef f ic iency

ate SJtt and 0.75. respectively, at 86 GHz. and

22" and 0.60. respectivcly, at 220GHz'

The maps wcre made in thc rcgion of / = - 0'2'

t o  +  0 .3o  and  b  =  -  0 .1  3o  to  +  0 .07 '  f o r  r sCO

l incs.  and l= -  0.2o 1s + 0.3 '  and b = -  0.2 '  to

+ 0.2o for other l incs. with a grid of 2' '  Spcctra

rvcre taken with thc positior-r switching mode tlsl l lg

t l re  reference posi t ion ( l '  b1 = (0.0 ' .  2 '5 ' ) '  Thc au-

tenlla temperatures Ii quoted in this papct' ha'u'e

been correctecl for antenna and atrnospheric losses

by n'reans of the standard choppcr whecl mcthod'

but not for possible beam cli lution' Thc typical s,vs-

tem tcmperat t l res were about  140-180 K (SSBt in

3 mm observations. and the typical RMS of the

spectra are includcd in Tablc l.

3. Rcsults

3.1. Oltsart:erl spectru cuil linc pro.files

Frg.  I  :hous satnplc spectr l t  obta ined ncar  thc

pcak posi t ion of  the '3CO I  0 in tcgratcd in tcnsi ty '

ancl their l ine parameters are included in Table l '

Thc l ine profi les show complex velocity structures

over the wholc observed region, which probably

result mainly from the overlap of several different

velocity components in the l ine of sight' The rrCO

profi les show especially complicated structures

ancl we first concentrate on the velocity range bc-

tween 0 and 130 km s ' .

The overall l ine profi les can be seen from the

space-velocity map in Fig. 2, which is for the

observecl spectra takcn along galactic longitudc

at  b--  -  0 .067' .  In  F ig.  2,  we see that  the gas

clouds betwecn 1 = 0o and 0.2'. where M -

0.13 -  0.08 and M 0.02 -  0 '07 are located.  suf-

fcl a steep velocity gradient of -2'5 km s I pc r'

In this figure. wc can clearly see the clumpy fea-

turcs of the Sgr A moiecular clouds' Their mor-

phological arrd chemical properties wil l be

cliscussccl in Sections 3^2 and 4' Some spectra

show high velocity wing leatures. tts in Fig' 2(a)

at / = 0o. which extcud over +3() km s ' from

tr/. = 55 kt.t.t s r. The large FWHMs of the ob-

served spectra suggest t l-rat thcre cxists highly tur-

bulcnt gas affectccl probably by the uctivit ics of

T ^
(K)

r_L Lrr-& L-4 r

0 5 0
Veloci lY (kmls)

Fig.  i .  Sample spectra obtatned toward the posi t ion ( l 'b)  = (0" '

-0-.067'). 'fhc 
actual scale o{' the rrCO I 0 spectrum was

reduced to hal f  to f i t  to the indicatcd scale Their  l ine

parameters are l is tcd in Table l .
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o . z  0 . 1  0  - 0 . 1  - 0 . 2  0 . 2  0 . 1  0  0  1  0  ?

Galac t ic  Long i tude (deg)

Fig.2. Posit ion-velocity n-raps taken at b = -0.067'along the galactic longitude of the obsencd fcgrrrn 1'or: (a)rh. '  ' 'CO 3 I spectru,
t h e c o n t o u r l e v e l s i n c r e a s e b y I K k m s - l f r o m 1 . 8 K k m s - ' , 1 b ; l t C O I  0 , c o n t o u r l e v e l i n t e r r l i l r . r r e s a n r e a s ( l r ) . ( c ) H C O * I  0 ,
contour levels increase b1 0.6 K knr s' l  from 1.,1 K km s l ,  and (d) HNCO 4o+ - 3,,r.  conlour lcrcls increase by 0.6 K knr s*r f i 'onr
0 . 6  K  k m  s  r .

-:^
u ) n
F.-

>'

c J  
- - "
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our Galactic center. in addition to large systematic
motions and overlapping of different velocity com-
ponents in the l ine of sight.

Fig. 3 shclri s t l.re excitation temperatures
der ived us ing thc ' tCO l -0 and 2-1 l incs.  I . *  ap-
Dears to be in the ransc of I 5-20 K in the central

1 0 0

a

-.

C U
h

-P

0 . 2  0 . 1  0  - 0 . 1  - 0 . 2

Galact ic  Longi tude (deg)

Fig.3.  Exci tat ion temperatures der ived using t l . re ' tCO l -0 and 2 I  l ines at  each l0kms I interval  of the spectra.  over la id on the
integrated intensi ty map of  the ' ' tCO 2 |  l rne.  Magnrtudes of  the exci tat ion temprature are indicated as the length of  the bar in the

uppcr rrghl corner

t t co  1 -o  (b )

:

HNCO 404 -303  (d )

t'r,-,-.,-
\.-\v tl-,

_\__=_=\...6\+

iR*x\v}
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parts of the gas clumps, which is a typical value for
general GMCs. However, Z"* increases to 20-30 K
in thc l ine wings and intcr-clump rcgions. Wc ap-
ply I.* = 15 + 5 K in deriving column densities to-
r.vard locations of peak emission for the obscrved
species othcr than CO"

3. 2. Emi ss i ort cli,s t r i bu t iott.t

The intcgrated intensity maps of the observcd
nrolecules arc shown in Fig, 4. Locations of thc
prcviously idcntif ied condensutions are indicated
as f i l led squares (Gt is ten et  a l . .  l98 l ) .  A l though
thcre must be optical depth problcms. intercstingly
er-rough the obscrved spccies arc cnhanccd at

lalgely different positions dcpending on the spe-
cics. which may suggest different physical envilon-
ments at the locations of the identif ied sas clouds.

Thc r rCO l -0 in tensi ty  map (see Fig.  a(a))
shows thc strongest emission toward M 0"02 -
0.07 (or t l ic +50 km s I cloud). Sontetinres the
term +50 km s ' cloud is also used to describc a
largcr collection of molecular gas including M
0.02 - 0.07 and several other flux peaks nearby in
the Galactic castern direction. We assume that this
cloud has thc largest total column dcnsity among
the clouds identif ied in Fig. 4. The abundances
and clump masses l.ravc been well defined in the
previous studies, but we summaLize again the cloud
parametcrs of the idcntif ied clumps in Table 3.

0

- u ,  I

-0 .2
0 . 2

* 0 . 2
0 . J 0 . 2  0 . 1  0  - - 0 . 1  - a . 2

G o l o c t i c  L o n g i t r - l O e  ( d e g )

Fig.  '1.  Intcgrated intcnsrty ( , /  r {dr)  maps of  the obscrved l ines for :  (a)  rhc r tCO I  0 t ransi t ion.  the conrour l ines rncrease bv
3 0 K k n r s  ' f i o n t t h e l o w e s l  

2 5 K k m s r . ( b )  H C O *  |  { ) . t h e c o n t o u r i n c r c a s e s b y 2 0 K k m s  i l l - o r . n - l 0 K k n r s r . 1 c l  H N ( ' O 4 , , . . r , , ; .
t h e c o n t o u r i n c r e a s e s b y 1 5 K k l l s ' ' f l o m l 0 K k n r , l . a n d ( d ) S i O r . = 0 2  I , t h e c o n t o L l r i n c r e a s e s b - v T K k m s l f r o m , { K k m s l
The locat ion of  Sgr A- is  indicatcd as *  and t l re center  posi t ions ol  the previously ident i f ied gas condcnsat lor . rs are indicateci  as f i l led
sq ua fes.

.129
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N / + O . i  1 - 0 . 0 8  [ / , 0 . 0 2 - c . 0 7

( c )  H N C O



+10

As shor,vn in Fig. 4(b), the HCO- emisston

appcars very strong toward M + 0.07 - 0.08 and

M + 0.1 I - 0.08, which appear as one component

rvith our 2' resolution. These two clumps could be
distinguished in the previous finer spatial resolu-

tion observations (e"g., SiO l-0 l ine observations:
Minh et  aI . .2001),  but  they appear to share s imi lar

cl-rernical propcrties in the observations for com-

plex molecules, such as, HCO|, HNCO, and

CrH: (Minh et  a l . ,  1992;  Lee et  a l . ,  1993).  There-

fore. from this HCO* t'esult, we call these two

clouds "tl-re HCO+ cloud"" The HCO" enhance-
merrt in this cloud may suggest that this cloud is

in a different physical and chemical etlviroument
compared to other clumps in this figure.

The HNCO map in Fig. 4(c) suggests that the

M -  0.13 -  0.08 c loud.  whrch is  kuorvn as e i ther

t l - rc  +15 or  +20 km s I  c loud.  nta l  consis t  of  t r .vo

different componcnts . l l  - 0.13 - 0.08a and

M -0.13 -  0.086.  We can c lear ly  separ i l te  the

two components in the position-velocity map of

Fig. 2(d) ciearly. Thc represcntative velocities of

these two components.  M -  0. l3  -  0 .08c and

M - A.B - 0.08b, atre I/1s11 = 25 and 5 km s r,

respectively"
The SiO 2-1 emission is also enhanced toward

M -  0.13 -  0.084 (which may be .u11.6 "1[e +25

Y.C. Minl t  et  a l .  I  Nct t ,Astrunnn l0 (2005) 42-r '433

H C O *  1 - 0

km s '  c loud") .  as shown in F ig.  4(d) .  Toward

M -  0.13 -  0,08b (" the +5 km s- ' '  c loud") .  how-

cver. t ire SiO emission is not enhanced. The mor-

phology and theil large vclocity differences may

indicate that  . l ' l  -  0 .13 -  0.08c and M -  0.13 *

0.080 are cliffcrcnt clouds appealing in the samc
lir-re of sight b1' cltancc. Thel'e is also strong SiO
emission in thc -i0 km s I cloud ('"vhere l3CO

pcaks) and tl ie HCO* cloud. Martin-Pintado

et  a l .  (1997) arguc that  the SiO emiss ion i r r  the

Galactic ccnter is vcrv fl'a-qrnented and extended

compared to that obsclved in the Galactic disk,
where the SiO cn-rission ariscs from much smaller
regions with larger H3 dcnsitics.

The other  c louds.  ,1 .1+ 0.0(r  -  0 .04.  M + 0.10 -

0.01.  and M + 0.25 + 0.01.  c l r r  not  shor ,v  d is t inct ive

features in our 2' rcsolutlott ntaps shorvn in Fig. 4.

compared to other clottds ntcltttt)t lccl above. We

expect that f iner resolution l l1ap5. r-spccially for

the HNCO or  SiO t ra l ts i t io t ls .  i . t lc  l lCer 'SSi t l ' \ '  to  re-
veal the propcrties of thcse- clottcls.

3.3. Ttrc -30 km s ' t 'rttrt lrt,rtr ' tt l

Therc is also cntission at negative velocities. The

spectra in Fig. 5 sho*s the -30 knt s ' emissiot.t

features of thc lrCO l-0 and HCO* l-0 l incs at

t t co  1 -o

'11il1llpr,lr'\/'lil
T^
(K)

i

Fig" 5. 'rco I o and HCo* I

4- t

- 5 0
Veloc i ty

0 spectra of the -J0 knr s 1

0
(kmls)

component obstained torvard ( / .h)  = 10".  0.067") .
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the posi t ior - r  of  ( / .  l r )  = (0o,0.067o).  The HCO*
1-0 l ine clearly shows emission at dif l 'erent
veloc i t ies,  of  -20 ancl  -40 km s ' ,  a l though the
'rCO I-0 emission is dil l lcr.rlt to scpalatc into
two componcnts in this vclocity rangc. Their l ir-rc
parameters arc included in Tablc 2. The othel n-rol-
ecules, HNCO and SiO, do r.rot sl.row apparent

Table 2
L inc  pa ran rc t c l s  o l  t l l c  -  30  k r r r  :  '  eun lp ( )nen t  i n  F i g .  5

Astronlntr  I0 (1005)42. t  433

emission featurcs in this velocity range, which is
probably a result of thc smaller total column den-
sity of this componcnt relative to otl.rer dense
clouds nearby. The chemical properties of this
component. however, need to be studied further.

Fig. 6 shows an integrated intensity map of'the
HCO* spcctl 'a at these two different velocities.

.+l I

Molecule ( t ransi t ion) l ' y . 11 "  l kn r  s  r ) FWIJM"  (knr  s  11 r \ ' ( K ) l l r d r ( K k m " 1 i R n i s r ' ( K )

r3co  ( t  0 )
I ICO-  ( t , . 0 )

f l a

-  1 7 . 9
.10.,l

l . r 1

1 . 0
().5

+ : .  +

i l . 8

0.:r()
( ) . l r +

0 .  t 4

27.5
1 2 . 5
I 0 . 9

"  Gaussian f i t  resul ts.
t '  R.m.s.  (  lo)  valuc of  the obselr  ed spectra

Table 3
Cloud pararteters rdenti l iecl in the observed region

Cloucl name Inc luded  c l ump Sizc" (pc) N ( I I : ) b  ( cm  r ) I \ ' lass ' ( , [ /3)

+ l ( ,  K n l  S  C l ( ) t l d

The HCO" clor.rcl

i l )  K l l l  s  L l o u ( l

+ )  k n r  s  c l o u d

1 / - 0 . 0 t - 0 . 0 7
, U + 0 . 0 7 - 0 . 0 8
. 1 1  + 0 . 1 t - 0 . 0 8
1 . 1  - 0 . 1 3 - 0 . 0 8 a

,.1/-- 0.1-r - 0.08b

l 3
I 5
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20 and -40 km s l. The -20 km s I component
shows stronger features than the -40 km s-' com-

ponent. but they show similar distributions and,

for convenience, we call these two velocity compo-

nents together "the -30 km s 
- '  cloud". This cloud

appears to be located near and to the north of Sgr

A East, and its morphology seems to indicate that

it l ies between Sgr A East and the known gas

clumps to thc east side of Sgr A East. The maps

of this velocity component for the '- 'CO 1-0 and

2-l l ines show very similar features to those of

HCO* 1-0 in  F ie.  6.

- 4 . 2

We derive the total ' 'CO column density (l/,",)

toward tl-re peak emission position (1. b1 = (0.033',

0.033")  to  be l / ,o , ( r3Co1 = (2.0 t  0 .4)  x  l0r7 cm 2,

assuming optically thin emission and the value

T"*= 15-25 K derived for this componellt by com-
paring thc r3CO l-0 and 2-l l ines. The size of this

component is -17 pc x I I pc (long axil x short

axis) from the HPW size of the ' 'CO emission re-
gion" To estimate the total mass of this compo-

nent, we use thc convcrsion ratio Hr/',CO =

2.5 x 10s from the valttcs CO/H2 = lO-a and

CO/ '3CO:25 for  our  Galact ic  center  region (c f .

0 . 1
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Minlr et al., l()92). The dcrived total mass of rhis
con rponen l .  i s  -  1 .7  x  105  , \ l " .

Iu Fig. 7, we show the position-velocity map
obtained along a cut through the peak of this com-
ponent. This -30 km s I component appears to be
rvell isolated from the'main'emission near Zr_sn =
60 km s I. The spectral fcatures and morphology
sllggest that this former component is isolated
and probably associated with and affected by Sgr
A East. But it is not certain whethcr the large
velocity differcnce with respect to the 'main'emts-

sion actually indicates a substantial relative mo-
tion with respect to the general body of gas in
the rcgion or an unrelatcd, separated cloud.
although its morpholo-sy gives the appcarance of
association with other features near the Galactic
center region. The shape of this componcnt also
looks very similar to that of thc region shou ing
rclative enhancement of t l-re HCO* 'main' cmrssron
in Fig. 8. This componenr ncecis furtl.rcr invcstiga-
tion to revcal its actual association *' ith Sgr A East
and the surrounding gas clumps.

4. Discussion

We see apparent differences in the emission
morphologies of the observed molecular species,
as shown in Fig. 4. This is certainly tell ing us thar
thcre exist chemical differcnces among the different
cloud components. which presumably have mainly
resulted from the different physical environments
at differcr-rt locations. To see the chemical gradients
clearly. r.ve shall plot the relative intensities of the
observed transitions.

In Fig, 8. wc show the map of the observed inten-
sity rario of the HCO* 1-0 and the r3CO

l-0 intcnsitics. If rve assume that l3CO generally
traccs the total column density, this ratio may
reveal specific featurcs relatcd to HCO+ chemistry.
HCO* appears to bc enhanced relative to lrCO

toward tltc northcast dircction from Sgr A East in
the  reg iou  1=0 . l ' - 0o ,  and  shows  the  l a rges t
cnhanccnteut tor,vard tr,[ + 0.07 - 0.08 and M +
0.1I  -  0 .08 ( the HCO* c loud) .  Ovcral l .  the HCO*
enhanccd region seems to be connccted as one cou-
tinuous component, and may be locatcd close to Sgr
A East, which is a doninant radio feature of our

Galactic center (Downes and Martin, l97l; Yusef-
Zttdeh and Morris, 1987). Lee et al. (2003) observed
the vibrationally cxcited H2 cmission l ines and ar-
gue that Sgr A East shocks the ambient molecular
clouds. Sgr A East, an expanding SNR, is known
to sl.rock nearby gas clumps as observed with the
vibrationally cxcited H2 lines (e.g., Lec et al.. 2003).

It l-ras been knor.vn that there are significant
changes in the abundance latio of HCO*/CO
depending on thc total column density. In the typ-
ical dark clouds the abundance ratio of HCO*/
'rCO appears to be about 4 x l0 3, but increases
torvard the dilTuse clor.rd region by a factor of up
to 10 (Guel in  c t  a l . .  1982;  Lucas and L iszt .
1994). HCO* is formed at n more primitive level
of the chemistry than other complex species and
is closely l inked with CO. Turncr (1995) argues
that, in dense clouds, essentially all free carbon is
in the form of CO, and HCO* is formed by the
reaction betrvccn H{ and CO, but in diffuse
clor.rds. both HCO* and CO are formed by the
rcaction bctrveen C- and OH. while CO is
clcstror,cd primarily by photodissociation.

Although thc optical depths of the observed
l incs are expected to bc large (z>> l :  Minh et  a l . ,
19!)2), rvc applicd the optically thin l ine assump-
tion to compare the relative abundances and distri-
butions of the molecules to roughly estimate the
chemical gradients over relatively large scales.
We then calculatc total column densities of
HCO* and r rCO toward the ( t ,b)  = (Q' ,  -0.067.)
position, for example, to be l/t"r(HCO*) = (1.3 +
0 .3 )  x  10 'acm 2  and  l y ' , n , ( r - l co )  =  (3 .7  t  0 .7 )  x
l0l7 cm-"2, assuming the cxcitation temperature,
4*  = 15 + 5 K (Sect ion 3.1) .  The error  rangcs are
calculated solely from thc rotation temperature
range applied, since the signal-to-noise ratio of
the spectra is very large, as includcd in Table l.

These column densities give an HCO*/I3CO
abundance ratio of 3.5 x 10 a, with an crror of
-5%' of the value, considcring only the uncertainty
in 7.* .  One can mul t ip ly  8.2 x l0  a by the contour
levels in Fig. 8 to find the abundance ratio at any
position on the map, under the same assumptions.
Toward the column der-rsity peak. M * 0.02 - 0.07
(+50 km s ' r  c loud) ,  wc der ive thc HCO+ and 13CO

abundance ratio, to be about -4 x 10 a. Ncar the
HCO* peak emiss ion posi t ions of  M + 0.07 -  0.08
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(thc HCO- cloud ) alld the inter-cloud regloll

whele HCO* ts  cnhanced (1 = 0 ' l ' -0 ' :  F ig '  8) '

thc abut . rdancc rat ios of  HCO*/ ' 'CO appear to

be -l x l0 r. a factor of 2-3 largcr thau at othcr

rcgions in the observed area' These values arc less

than those for thc Galactic plane clouds by more

thau a titctor of a few (Tulner' 1995)' Further

studics of the possible effccts of the optical depth

ancl isotopic abundancc variations for the

observed species are needed to rcliably comparc

thc valucs with those of Galactic plane clouds' In

fact. HCI80* obscrvations suggest that rve mal'

have undercstimated the HCO+ abundancc in this

region (Minh et  a l . ,  1992).

Irlcspcctive of the absolute abundancc ratto'

howevcr, HCO" appears to bc etlhancecl to\\ 'al 'd

thc "HCO* cloud" and the "ir.rtcr-clotrd" rcgit 'rt i

in Fig. 8. relative to othcr clouds idcntif ied in the

obsewed area. We think that thc "dilTuse chcrnis-

try" fol HCO* may uork more efl 'ectively irr the

HCO* enhanced rcgion. increasing the ttbundtrnce

ratio by a factor of 2-3 compared with thc other

clumps in the obselved area. Recently, Rarvlings

ct at. (ZOO+) argue that shocks from the outflow

jcts enl-rance the HCO* abundance by thc interac-

tion with the surrounding envelope, as a result of

shock-induced dcsorption and photoplocessing

of dust grain ice mantles. As shown in Fig' 9, t lte rc

exist a lot of complcx thermal and nontl.rcrmal

featnres in the HCO* enhauced rcgion in Fig' 8'

suggcst ing 15 '11 s |1ocks ancl  h ig l . r -er . rcrgy photons

r i ' r l l  p lur  s igr t i t lc l r l t  I ' , ' lc .  i t t  ch l t r l tc tcr iz i t lg  th is  re-

g ion (  F igcr  c t  r r l  '  l0(  l l :  \ 'L isc l - -Z lLc lch '  2003) '

Thercfore.  \ \ 'c  l l la)  i t rg l l r -  th l t t  thc HCO- cnhanced

rcgion is locatcd closct' tt 'r Sgr' '-\ F'ltt t l t lrt l  trthct

cas clulnps idcntif ied in the obscrrcd at"lt

T l re  Sb tms  
I  c l oud  (M  -0 ' 02  -  0 ' 07 )  c l oc :

not show any relative enhancemettt in thc observed

HCO*. HNCO, and SiO smission features, but

appears to show the largest lrCO column density

Tli is cloud appcars to be relatively chemically clui-

cscent in our observations. which may suggest that

it is located farthel f iom thc itctive Galitctic center

thar-r other identif ied clouds in this region' The

curvecl molecular ridge. which is considerecl to bc

a portion of the 50 km s 
.r 

cloud comprcsscd by

the cxpancling Sgr A East, is thought to l ie ;ust

outs idc Sgr A East  (Ho et  a l ' ,  1985;  Gcnzel

et  a l . .  1990;  Serabyn et  a l . ,  1992) '  I f  we argue that

this 50 km s I cloucl is chcmically quiescerlt '  then

this curved ridge may be formcd as a result of

the interaction of the Sgr A East SNR r'vith tl-rc

HCO* c loud (M + 0 '07 -  0.08) '  probably not  wi th

the 50 krn s I  c loud (M -  0.02 -  0 '07)  Then'  th is

ridsc is locatccl "bchind" the +50 km s I cloud' if

ttrc SO tm s I cloud is assumed to be locatccl closcr

to us than other clouds in this regiou

In Fig.  10,  lve show a n. rap s in l i l l t r  to  F ig 8 '

but  fo l  the observed H\CO/rrCO rat io  The

HNCO/lrCO et.t.t isstotl l  l l t l(r ltf i l lL-ars to bc

Fig.  9.  Over. lap of  thc radio cot . t t i t ]uunr nrap (Lang et  a l . .  1999) ancl  the I ICO* l -0 ancl  
' tCO I  0 intensi t 'v  tat io n iap of  Fig 8
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r Nco,/1rcO
molecule, rvl-rich is a slightly asymmetric molccule
like HNCO, shows very similar featurcs with
HNCO towards Sgr 82. HCO; is thought to bc
a precursol'of gas phase CO2 and is observed only
tor,vard our Galactic center, possibly as a result of
the efl 'ccts or.r interstellur grain ice marrtles of some
kinemat ica l  act iv i t ies (Minh et  a l . .  1998,  1988).  I t
has been fbuncl that there exist "stretrmers" reach-
ing out from M 0.13 0.08a toward Sgr A East,
which secms to bc t 'ccding into the CND (Okum-
u r ; l  e t  a l . ,  l 99 l ;  Ho  c t  a l . ,  l 99 l ;  Co i l  and  Ho ,
2000). Althou-rh the relative locations of M -

0.13 -  0.08 and Sgr A East  a le s t i l l  controvers ia l
(McGary ct  a l . ,  2001:  Lcc ct  a l . .  2003),  the promi-
nent HNCO feature to'uvarcl M - 0.13 - 0.08a
may be related with the kir,ernatical association
or interaction of this cloud with Sgr A East. We
assume that this cloud is located very close to
Sgr A East. so that the HNCO and SiO emissions
are enhanced by the interaction with Sgr A East.
There is l i tt le previous research on the other
"HNCO clur . r . rp" .  M +0.25 +0.01.  and fur ther
studics on this cloud rnay show intcrcsting connec-
tions lr ' i th the clor.rds neal Sgr A East.

Thc SiO/rrCO lat io  is  shor ,vn in  F ig.  I  l .  S iO has
bccn considcrcd a high-tcmpcraturc tracer. srnce
rnost Si has bccn thought to be locked up in grains
in quict regions" and can fcturn to the gas phase
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Fig.  10.  Integrated intensi ty rat io between the obsenecl  HNCO
411a-311j  aud ' 'CO l -0 l ines.  The contour levels increase by 0. I
f i om  0 . l .  Th i s  con tou r  l eve l  t imes  l . l  x  10 ' :  g i r es  t hc  abun -
clancc rer t io i f  the sanre assunrpt ions as lbr  the I ICO"/ l rCO
abundancc rat io culculat ion in th is sect ion are appl ied.

enhirnced toward M -  0.13 -  0.08a and a lso to-
ward M + 0.25 + 0.01.  The previous observat ions
of  HNCO toward Sgr 82 (Min l i  e t  a l . .  1998) have
sl.rowr.r very interesting featurcs: thc pcak positions
and velocity propcrtics are certainly different from
those of other molecular transitions detected in
this regiou. We think that thc folmatiorr of HNCO
rnay bc rclated to the effect on interstellal grain icc
mantles of Galactic centcr activit ics. Thc HCO;
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Fig.  I  l .  Integr i r tcd inter ls i ty  rat io between the observed l ines fo l  SiO 2 I  ant l  ' tCO |  0.  Tl re contour levels increase by 0.05 f ronr 0.  l .
This contour level  t imes 2.0 x l0 I  g ives the abundancc rat io i f  the same assulr . rpt ions as lor  t l ie  HCO*/I3CO abr.rndance rat io
calculut ion in th is sect ion are appl ied.
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onl) b1 thc cll 'ccts of high-cncrgy pl-rotons or
shocks  lDo r i ncs  c t  a l . .  1982 :  Z iu rys  and  F r i bc rg .
I t )37:  Langcr  ancl  Glassgold.  1990).  Whi le SiO
gircs r isc-  t r l  p lominent  maser l ines totvard la te-
tvpc stars and a l imrted class of star forming
rcgl r ) l rs .  the thermal  emiss ior . r  o f  th is  molecule is .
in gL-nr-ral. r 'cn u'cak except in the Galactic center'
cloucls. Consccluently. thc enhanccment of SiO
thcrmul  cmiss ion may a lso indicate that  shocks
rLncl higli energy photons are prcvale nt in the
Galactic center region. The SiO emissiorr appears
to bc cnhanccd strongly toward thc 25 km s I

c loud ( rLI -  0.13 -  0.08c)  whic l - r  again indicates
that this re-sion may be interacting dircctly rvith
Sgl  A East .

A possib lc  cnhanccmcnt  of  SiO toward the
HCO" cnhanced inter-cloud region also suggcsts
that this region is affected by large-scale last shocks
from Sgr A East. Sincc SiO is thought of as an
unambiguous tracef of high temperature and/or
shock chemistry in interstellar clouds (Malti-
P intado et  a l . .  1997).  fur ther  s tudies on SiO are
desireable to reveal the large-scale properties of
the interacting legions in the Galactic center.

5. Conclusions

Wc obscrved mill imstcr'-wavc molccular l ines
of CO, HCO", HNCO. ancl SiO towarcl t l ie SgL

A rcgion us ing thc SEST tc lcscope at  LaSi l la .
Chi lc .  Thc compar lson of  thc obsclved t ransi t ions
shou's that  thc scvcra l  pronlncnt  gas condensa-
t ions in  th is  region havc ver l '  d is t inct ive chemical
properties with respect to each othcr. $'l i ich may
result f lom the diffcrent physical conditions at ciif-
ferent locations. Fig. l2 shows a schen.ratic clia-
grarn of thc components le-identil ied in thcse
observations and Table 3 summarizes tl-reir cloud
parameters.

Our HNCO and SiO observat ions suggcst  that
M  -0 .13  -0 .08 .  wh i ch  i s  known  as  t he  +20
km s I cloud. seems to consist of two dilTerent
components,  M -  0.13 - -  0.08n anci  M -  0.13 -

0.08b.  wi th LSR veloc i t ies of  about  25 and
5 km s r ,  rcspcct ivc ly .  The M -  0.13 -  0.08a
clump (the 25 km s I cloLrd) seems to bc located
vcry closc to Sgr A East, and the enhancement
of HNCO and SiO may bc a rcsult of thc dircct
in teract ion wi th th is  SNR. The M -  0.13 *  0.081,
clump (the 5 km s I cloud) may be separated and
only appeal to be connected because it is on the
line of sight to the lvl - 0.13 - 0.08a clump.

Tlre molecular gas clr.rmp M -0.02 - 0.07 (the
+50 km s I  c loucl )  shows thc st rongcst  ' tCO

emission. which indicates that this cloud has the
largest column clensity and is the rrost massive
condcnsat ion among the c loud components
s l . rown in F ig.  12.  We cst l l . l lu tc  that  i ts  mass rs
) 3 x l0s ,11.-,. l t nln bc locatccl turthcr' fron'r
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Sgr A- and closcr to us than othcr clouds
al'ound. since it appcars to be chemically morc
quiesccnt than other clouds in Fig. l2 and seems
to shade the inter-cloud resion where the
HCO*/r3CO rat io  is  enhanced.  The *30 km s I

component, observed in the HCO* and lsCO

spectra. shows a similar morphology to the
HCO* cnhanced "intcr-cloud" region. This veloc-
ity componcnt seems to bc associated with the
Sgl A East neutral gas region, but its naturc
nceds to be studied further.

M + 0.07 -  0.08 and M + 0.11 -  0.08 scenr to
sharc similar chemical properties ar-rd thcy appcil l '
to bc one cloud in our observations. Thcse clumos
shorv the st rongcst  HCO* l *0 cmiss ion among the
identii icd clouds in Fig. 12, and may bc called "the
HCO* c loud".  Thc HCO*/r rCO abundance rat io
is enl.ranccd by a factor of 2-3 torvard thc HCO*
cloud and the inter-cloud region bctu'cen / = 0.lo
and 0o right ncar Sgr A East. This inter-cloud re-
g ion may bc an extendcd component  of  the
HCO+ c loud (M+ 0.07 -  0.08 ancl  A, I  + 0.11 -

0.08). The relativc enhancement of HCO+ is
thought to result from shocks produced by interac-
tion r,vith Sgr A East. Thc HCO* chemistry clearly
needs further study.
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